D
evelopmental venous anomalies (DVAs) are the most common vascular malformation detected on intracranial crosssectional imaging with a prevalence of 5% to 10% in modern series. [1] [2] [3] Many have proposed that DVAs are embryological in origin; however, a few smaller studies suggest that DVAs are dynamic and develop postnatally. [4] [5] [6] [7] To test the hypothesis that DVAs develop in postnatal life, we studied DVA prevalence on contrastenhanced magnetic resonance imaging (MRI) in 4 age groups. We presumed that if DVAs were congenital, DVA prevalence in each age group should be similar, whereas if they developed in postnatal life, prevalence would increase with age. Our hypothesis was that the prevalence of DVAs would increase with age.
Materials and Methods

Patient Selection
After Institutional Review Board approval, we reviewed reports from a consecutive series of head MRIs with intravenous contrast performed over a 2-year period at our institution. Only patients who authorized the use of their medical records for retrospective research purposes were included. For pediatric patients, parents provided authorization for use of their medical records for research. All patients were scanned on 1.5 or 3.0 T scanners.
Data Collection
One reviewer reviewed all radiology reports for patients with contrastenhanced brain MRIs for the terms developmental venous anomaly, DVA, venous angioma, venous anomaly, and vascular anomaly. Any studies that had a report of a suggested DVA were reviewed by a single neuroradiologist who confirmed the presence of a DVA and noted DVA location and number. To determine the accuracy of neuroradiology reports in identifying DVAs, images from 100 randomly selected patients in each age group were reviewed to determine how often DVAs were either missed/not reported or misdiagnosed/overcalled. Patient data collected included age, sex, and whether the patient had a history of a primary central nervous system (CNS) neoplasm or epilepsy/ seizures. These 2 specific indications were studied as previous studies have suggested an association between these diagnoses and DVAs. 
Outcomes
The primary outcome of this study was prevalence of DVA by age group. Patients were divided into 4 age groups: (1) <1 year old (neonates and infants), (2) 1 to 5 years old (toddlers/preschoolers), (3) 6 to 17 years old (grade schoolers), and (4) ≥18 years old (adults).
Statistical Analysis
Data analysis was performed using JMP12.0 (www.jmp.com). DVA prevalence in each group was compared using χ 2 testing. After identifying variables that were associated with DVA prevalence, we performed a multivariate logistic regression analysis to determine whether age (modeled as continuous and categorical variables) was associated with DVA prevalence. Variables included in this model were age, sex, seizure/epilepsy, and presence of a CNS malignancy.
Background and Purpose-To test the hypothesis that developmental venous anomalies (DVAs) may develop in the postnatal period, we studied the age-related prevalence of DVAs on contrast-enhanced magnetic resonance imaging. Methods-Reports from a consecutive series of head magnetic resonance images with intravenous contrast performed over a 2-year period at our institution were reviewed. Studies reporting the presence of a DVA were retrieved and reviewed by a neuroradiologist. Patients were divided into 4 age groups: (1) <1 year old (neonates/infants), (2) 1 to 5 years old (toddlers and preschoolers), (3) 6 to 17 years old (grade schoolers), and (4) ≥18 years old (adults), and DVA prevalence by age group was studied. Results-A total of 18 073 individuals were included. DVA prevalence in the neonate/infant age group was 1.5% (5/335) compared with 7.1% (51/714) in the toddler/preschool age group. In both the grade-school age group and adult age group, DVA prevalence was 9.6% (150/1557 and 1483/15 467, respectively). Neonates/infants were significantly less likely to have DVAs than other age groups (P<0.001). Conclusions-We found a very low prevalence of DVAs on contrast-enhanced magnetic resonance imaging in patients <1 year old which was significantly lower than other age groups. 
Discussion
Our study of over 18 000 patients found a significantly lower prevalence of DVAs among patients younger than 1 year of age when compared with other age groups. There was a nonlinear increase in DVA prevalence by age with over 7% of patients 1 to 5 years old and over 9% of patients older than 5 having a DVA. On multivariate analysis adjusting for sex, seizure/epilepsy, and CNS neoplasm, the neonates/infant age group was independently associated with a lower DVA prevalence. These findings suggest that postnatal changes in venous architecture and drainage patterns may contribute to DVA development and question the long-held dogma that DVAs are congenital.
The finding that DVA prevalence on imaging rapidly increases between the neonate/infant age group and the toddler/preschool age group suggests that either (1) DVAs are generally not congenital and generally do not form in utero or (2) they are congenital/form in utero; however, their associated venous drainage pathways are not used or needed until the venous system finally matures into its adult form. In general, DVAs are thought to form in the later period of cerebral venous development as a functional adaptation to thrombosis or failure of development of superficial or deep veins. It is possible that early postnatal venous occlusion could trigger remodeling of medullary veins, thus resulting in DVA formation. Further supporting this hypothesis is the fact that there is continued development of the cerebral venous system in postnatal life.
As mentioned previously, it is also possible that the DVA architecture developed in utero, but the venous drainage pathway was either not used or not needed until the cerebral venous system reached its fully mature state. Postnatal changes in venous architecture such as cavernous sinus capture of the sylvian vein and alterations in posterior fossa venous drainage could create the hemodynamic changes necessary to cause preferential venous drainage through the DVA rather than other venous drainage pathways. 8 Both of the above-mentioned hypotheses have been demonstrated in previous studies and case reports on de novo formation of DVAs in neonates and alterations in DVA drainage patterns in postnatal life. 4, 6 DVA prevalence in previous studies is highly variable, ranging from 1% to 10% depending on the population and method of detection. The most sensitive imaging technique for detection of DVAs is contrast-enhanced MRI (as used in this study) because it allows for detection of DVAs that are not associated with flow voids or other T2 changes on noncontrast MRI. In 1 recently published study of 1160 children, Jones et al 1 found that DVA prevalence was 7.8% with no difference between 1.5 and 3.0 T and no difference between planar and volumetric scan types. In another recently published study, including 1165 adult and pediatric patients scanned with contrast-enhanced MRI, Gökçe et al 3 found that the prevalence of DVAs was 6.4%. Although no study has examined the prevalence of DVAs by age, other associations with DVAs have been reported. In a case-control study of 580 pediatric patients with and without CNS neoplasms, Jones et al 1 found a 2-fold higher prevalence of DVAs among children with neoplasms when compared with those without (10.2% versus 5.3%). In another recently published study, Kim et al 9 suggested an association between epilepsy and DVAs as 35% of pediatric patients with DVAs had epilepsy compared with 11.5% of control patients. In our study, we found a negative association between CNS neoplasms and prevalence of DVAs and no significant association between seizures/epilepsy and prevalence of DVAs. 
Limitations
Our study has limitations. Because the study was based on retrospective review of radiology reports, we may be underestimating the proportion of patients with DVAs. Our study is prone to selection bias because the patients who were included in this study all had a clinical indication for imaging and were not necessarily healthy controls. A longitudinal study with serial MRIs, rather than a cross-sectional study, is needed to confirm whether DVAs develop postnatally. Last, all DVA cases were reviewed by 1 neuroradiologist which could affect the generalizability of our results.
